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ABSTRACT i 

Crustal Evolution Education Project (CEEP) modules 
were designed to: (1) provide students with tjie .methods and results 
of continuing investigations into the composition, history, and 
processes of the earth's crust and t-he application of this knowledge 
to man's activities and (2) to he used by teachers with little or no 
previous, background in the modern theories of sea-floor spreading, 
continental drift, and plate tectonics* Each module consists, of two 
booklets: a teacher's guide and student investigation The teacher's 
guide contains all of the information 'present in the student 
. investigation booklet as well as: (1) a general introduction; (2) 
prerequisite student background; (3) objectives; (4) list of required 
materials; (5) background information; (6) suggested approach; (7) m 
procedure, recommending three 45-minute class periods; (8) summary 
questions (with answers);- (9) extension activities; apd (10) list of 
references. Assuming knowledge of magnetism, latitude, longitude, $ 
geographic poles, and mid-ocean ridges, activities give students ' 
experience^ with magnetic polarity and polarity reversal , including 
using a compass to determine magnetic fi«la direction, using daXa on / 
magnetic field direction and<age of rocks in sea floor to fuid 
direction and rates of sea-floor spreading, explaining how 1 
paleomagnetic data are used in study ing .eartlv^trtstory , and locating 
older/younger sea floor parts, ( Author/ JN) \ 6 

**************************************** ******************************* 

* Reproductions supplied by EDRS are the best that can be mafie * 

* • from the original document. , * 
************************************************************************ 



\ 



CCCD 




TM 



CRUSTAL* 
EVOLUTION 
EDUCATION 
PROJECT 



VS. DEPARTMENT OF EDUCATION 
NATIONAL INSTITUTE OF EDUCATION 

EDUCATIONAL RESOURCES INFORMATION 

/ CENTER (ERIC> 

V This document has been reproduced as 

received from the person or organization 

orvgmatmg it 

Mmof changes have been made to improve 
reproduction quairtv 

• Points of view or opinions stated m thss docu 
ment do not-necessanty represent oHictal NIE 
ponton or policy 



r > 



"PERMISSION TO REPRODUCE THIS 
HAS BEEN GRANTED BY 

TO THE EDUCATIONAL RESOURPP? 
INFORMATION CENTER^ERIC)^" 



WhkhWoy 
Is North? 




TEACHER'S GUIDE 

Catalog No. 34W1032 

r ' For use with Student Investigation 34W1132 

Clase^tlme: three 45-mlnute*j*eriods 

Developed by 

THE ^NATIONAL ASSOCIATION OF GEOLOGY TEACHERS 



Produced and Distributed by 
Ward's Natural Science Establishment, Inc. Rochester, NY • Monterey, CAj 



7 



NAGT Crustal Evolution 

Edward CStoever, Jr., 

Welcome to Jhe exciting world of current research 
mto tne compositiQn history and processes of the 
earth s crust and the application of this knowledge 
to man s activities The earth sciences are 
currently experiencing a dramatic revolution in 
our understanding of the way in which the earth 
.vorks CEEP modules a(e designed to bring4nto 
the classroom the methods and results of these 
con'.n U ing investigations The Crustal Evolution 
Education Project began work in 1974 under 
t H e 3i.spicesx) f the National Association of i 
Geology T eachers CEEP materials have been 
de.e'opeo*- oy teams of science educators 
c-assroo^ ieac h ers and scientists Prior to 
r i Ga ? .o r ' t n e matenals were field tested by 
- >su »r,qf 200 teachers and over 12 000 students 
C/'^' 'Sj$:a- evolution researcn is a breaking 
s'vvi^a* >*jde n ts a r e living tnrough today 



Education Project 

Project Director , 

Teachers and students'aiike have a unique N 
opportunity through CEEP modules f to share in the 
unfolding of these educationally important and 
exciting advances CEEP modules are designed 
to provide students with" appealing firsthand 
investigative experiences with concepts which are 
at or close to the frontiers of scientific inquiry into 
plate tectonics Furthermore the CEEP modules 
are designed to be used by teachers with little or 
no previous oackground in the modern theories, 
of s^a-floofc soreadmg continental drift and plate 
tecton-cs ' 

We Know tnat /ou will enjoy using (jEEP 
modules th your cfassroom Read on and be 
r, ir eoared to experience a renewed enthusiasm for 
teacmng as /ou leam more about the living earth 
.n *h<s an^ Q f ner CEEP modules 



About CEEP Modules 



it.. 



:o -^o^ijies consist o? two booKiets 



'eac^ r s Gu-oe a- n d a Student Investigation The 
Tea', n e r s Gu oe con*a»ns ail the information 
M 'js tr at ons m the Student Investigation 
c ! *..s sec + :o r s o rin ted m co>o r intended only for the 
*eac n er as /*ei> as'answers to the questions tnat 

^cud^d tn tne Student Investigation 
m so ,r ^e modules there are illustrations that 
appear on>/ in tre Teacners Guide^ and these are 
2evgna f eo by figure fetters instead of the number 
seq.jenc^ used .p the Student Investigation 

Fc r s'/me modules maps rulers 5nd otner 
com-io'i ciassroom materials are needed and in 



varying q^antoes according to t^e method of 
r^ese^uVJor Read over the module befo r e 
scheduling itc use in class and refer to the hst of 
MATERIALS m the module 

Each module is individual and self-contained ffi 
conient but some are divided info two or more 
parts for convenience Tne recommended iength| 
of t^e for each module is indicated Some modules 

brereauisite knowledge of some aspects 
of basic p artn science this is noted. m the 
Teacner s Guide 



"T^e Tiate^tai was prepared with the 
support of National Science Foundation 
Grant Nos SED 75-20151 SED 77-08539 
and SED 78-25104 However any opinions 
ffnorngs conclusions or recommendations 
expressed herein are tnose of the author(s) 
Ja^d do nof necessarily reflect the views 

In o^der tcxompl/ wrth U S Pubiic Law 
94*66 *fvery school district in the USA 
.jSi^g •r\t>se f^aterjais agrees to make 
jhem available tor inspection by parents or 
guardians of children engaged m * 
^diiCational programs Or projects of the 
school pj$t"Xt * . 
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Which Way Is North? 




INTRODUCTION 

This module will give the students first-hand 
experience with the concepts of magnetic polarity 
and polarity reversal Student will learn / 
the probable significance of linear patterns of 
normal and reversed polarity observed to be 
associated withTmid-ocean ridges. Then the 
students will apply this inference to a calculation 
of sea-floor spreading rates, based on plotting 
of actual data, for an area of the Atjantic 
Ocean south of Iceland. ^ 

You would expect a magnetic compass needle to „ 
point toward the north ar^d south magnetic 
poles Since continents can drift or move around, 
can you depend on the two poles to stay in 
the same places 9 



Over long periods of time, the earth's magnetic 
field changes directions. We know that rocks 
record the earths magnetic field at the time at 
which they are formed This is called paleo- 
magnetism. With this knowledge, measurement^ 
made at sea allow us to find out a great deal 
about the past .movements, of the earth's crust In 
these activities, ypu will be doing the same 
thing that scientists have done in working out the 
history of crustal chamjes^ 



PREREQUISITE STUDENT BACKGROUND 

This" module assumes that the student is 
acquainted with the>basics of magnetism and of 
latitide, longitude, and geographic poles. 
The physiography of the ocean bottom (i.e., the 
mid-ocean ridges) should have been covered in 
your.ctass. 



It will be helpful to have local maps (road 
maps or topographic maps will do) and a world 
globe or qtlas in tteroom when working on 
this activity. In making some of the required 
calculations, it may be necessary to remind the 
Students that there are 1000 meters, in a kilometer, 
and 100 centimeters in a meter. Beyond that, 
the arithmetic is very simple. 



OBJECTIVES q - --- 

After you have completed these activities, you 
should be able to * 1 

1. Use a compass to determine the direction of^a 1 
magnetic field • - " C_> 

2. Use data on magnetic field direction and age., 
of rocks in the sea floor to find direction and 
rates of sea-floor spreading 

3. Explain how paleomagnetic data are used in 
studying the history of the earth. 

4/ Locate the* older and younger parts of the sea ** 
floor with respect to mid-ocean ridges. 
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MATERIALS 

s Bar magnets— one for each group of students, plW 
10 for each set of boxes used. ' 
Compasses— one for each group of students. 
10 boxes to a set— shoe boxes, ot^any. similar 
boxes available. 
Metric rulers— one for each group of students. 

. NOTE: Students may work individually or in 
groups of any size, depending upon amount of 
equipment available; groups of three to four are 
recommended. Orte set of boxes^wlll suffice; 
two or three are desirable. 

You will need bar magnets, the "north" end Qf 
which attracts the north-seeking end of the 
compass needle. This is in contrast to the rule that 
like poles repel one another. The easiest way to 
handle this is to relabel the north end of the 
magnets south, and label the south end of the 
magnets north. This is an artificial device to make 
the bar magnets act like the earth's magnetic . 
field. Explain this fully to any students, who * 
see a contradiction in what happens With the 
% magnets and'tompasses. • 

The relabeled bar magnets that the students use 
at the outsfct of this activity can also be used in the 
% box activity (step 6 of PROCEDURE, PART A) 
You will need one bar magnet for each box 
that yoiKuse. Shoe boxes are ideal for this 
activity because of their size and shape. Butfyou 
can use any bpxes you have on hand Vo make 
a. pile as long as you can find the orientation 
of each magnet with a compass. Place the bar 
magnets in the boxes, in the orientation as shown 

BACKGROUND INFORMATION ~ 

Scientists know regrettably littfe about the 
processes that are responsible for the magnetism 
of the earth. Beyond the observation that the 
magnetic* fie'fd originates insrog the earth, 
probably in the fluid outer portion of Its iron core, 
our ignorance is almost complete. We do know 
that most of the earth s magnetic flejd behaves 
t ^ery much as if it were caused by a short, 
powerful bar magnet, or dipole, at the center of 
the earth. No such dipole exists, of course; 
the interior of the earth p [ar too hot to permit 
simple permanent magnets to exist. Instead, the , 
dipole field must originate as a consequence 
of huge electrical currents flowing In a pattern of 
loops or rings in the liquid metal of the outer 
core. The science of paieomagnetlsm, 
involving the study of the magnetism of rocks, 
shows that the earth's magnetic field has behaved 
In an essentially dipolar manner. 



in Figure A, and tape them in place. Number 
the boxes as shown in Figure A, and put a 
label or market the bottom center of thepnd of 
each box to show the students where to hold 
their compasses to find" the polarity. 




Figure A. The relabeled bar magnets are taped to 
the boxes which are therystacked. 



4 An interesting property of the magnetic field 
caused by electrical current flowing in a loop is 
that it reverses direction If the direction of the 
electrical current flow is also reverse^. Set up 
as in Figure B, the compass needle will 
completely reverse its direction If the wire^ 
hookups to the terminals of the battery are Inter- 
changed, so that the current In the wire loop 
flows In the opposite direction. 

The analogy of the reversing magnetic; field caused 
by reversal of current flow in a wire loop has 
direct relevance toihe earth because the ♦ 
magnetic record retained by many common rocks 
shows that the earth's magnetic field has 
undergone hundreds, perhaps thousands, of 
similar polarity reversals during the past several 
billion years. For instance, the thick piles of 
basaltic iava flows, of which Iceland Is composed, 
retain a record of the magnetic field that 
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existed at the time each flow cooled. Naturally, 
the oldest ffowd (first formed) are at the'bottom of 
the pile and the youngest (Igst formed) at the 
top, These piles of lavas have'been studied 
very carefully by investigators from Ertgland, 
Holland, and the United States. It was found that 
nearjy half of the flows are magnetized 
approximately parallel to the earths present 
magnetic field (called "gormal"); an equal number 
are magnetifed nearly opposite (calted 
•reverse ) to the present field. Only a tiny fraction 
are magnetized in any other direction (so-caU'ed 
transitional" Hows). Figure* C shows a cffiff 
face with a series of offer normal flows at the 
bottom, fe series of younger reverse flows at * 
the top, and transitional flows in between. 

During the past 50 million years, normal and 
reverse intervals^ave averaged approximately 
100,000 years in length. There seemsrto have been 
at least 170 polarity transitions in the last 
80 million years; the mpst recent was 700,000 * 
years «ago. 



Two things. which we would like very much to 
know about the earth's magnetic field are the 
• causes of polarity transitions and the behavior of 
the magnetic field when a transition occurs. 
Unfortunately, at present we have very imperfect 
answers to both questions. During a transition the 
intensity of the earth's magnetic field seems to 
\ fall to very low levels and Its direction appears to 
change somewhat erratically. I*erhaps the 
dipole part of the field slowly disappears and then 
builcfe up again in the opposite direction, leaving 
only the non-dipole part of th^e field to govern 
the compass needle during transition. As to what 
causes transitions, we are almost completely "at 
sea". Transitions seem to be random processes, 
perhaps triggered by a number of different causal 
factors that occasionally, and accidentally, find 
themselves working together. The only difference 
between a normal and a reverse state of the earth's 
magnetic field is that in a reverse period, the 
south end of the compass needle would point in 
the general directions} the north geographic pole. 
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.Figure B. Compass needle held tft center of,wlre 
loop points' 90%to .plane of loop when direct 
current is flowing. Arrows show current flow. 

7 Reversing the current flow will cause the v needle to 
point In the opposite direction. [ 



Figure C. Arrows show dlfection of magnetism of 
individual lava flows in Iceland. The earth's 
magnetic field is oriented steeply downward 
to the north in Iceland today. Iceland shows many 
such sequences of alternately magnetized Iav4 
flows. 1 



Certainly the most exciting and scientifically 
fruitful outgrowth of the study of magnetic 
reversals has been the confirmation of the new 
theory of sea-floor spreading and the re- 
establishment <and virtual proof pi th$ closely 
related earlier theory of continental drift. These 
topics are discussed more fully in other modules. 
Here it is necessary only to describe processes 
acting at the mid-ocean ridge system (of which 
the Mid-Atlantic Ridge is a good .example). 

Just below the crest of the ridge, hot ductile 
rock that has moved up slowly from deep in the 
earth's mantle turns laterally outward and 
moves away from the ridge crest, carrying a iayer 
of cooler, more brittle rock passively along with it, 
like egg prates on* a conveyor belt. Moreover, as 
the hot mantie rock approaches the surface, ' 
the pressure exerted on it by the weight of the 
overlying rock decreases sufficiently to allow 
melting to begin. A small fraction of the 
upwelling mantle rock is therfeby converted into 
magrfia, which seeps out at the Surface and 
quickly freezes to form the basaltic lower part of 
the ocean floor. The basalt at the ridge crest is 
thus very young; for the most part a few tens 
of thousands of years old, or less. Naturally, ai the 
underlying ductile rcrck moves laterally away from 
thefridge crest, the basaltic iava flows (and 
various other products of partial melting of 
tbe upwelling column) move along with it. Thufc, 
the conveyor belt can be thought of as providing 
its own "egg Urates". Figure D illustrates this \ 
process, which, of course, is known as "sea-fioor 



spreading" 
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The basaltic laVas and similar rock^that form at 
the ridge crest become magnetized as they cool, 
and they pick up a magnetic direction that is 
related to the direction of the earth's magnetic 
field at that time. Thus, if a\tr»agnetometer 1 
(a device which is used td rpeasure the strength of 
a magnetic field) is brought neat the crest of 
the Mid-Atlantic Ridge, it records a greater 
intensity than expected because* thfe magnetic field 
of the normally.magnetized rocks enhlnces 
the present magnetic field^ of the earth. However, 
rocks formed roughly one iflillion years ago 
were magnetized at $ time when the? geomagnetic 
field t»ad reverse polarity, (The present— 
"normlH"— magnetic epoch £egan about 700,000 
years ago.) These rocks, which in the million years 
of their. existence have been carried by sea-floor 1 
spreading roughly 1Gf kilometers to either 
side of the ridge cfest, have a rftagnetism that f 
is approximately opposite to the earth's present, 
or normal direction. Their magnetic effect 
subtracts from the geomagnetic field. A magne- 
tometer towed back arid forth over a segment ^ 
of the mid-ocean Tid^e system thus.mapis long 
ribbons of alternating high and low magnetic field 
intensity*(termed positive and negative j 
anomalies). At most ridge crests th^sea floor 
spread^ equally to either side of 'the ridge, 
'producing magnetic gripes that are symmetrical 
aJong both sides of the crest of the ridge (see 
Figure E,). The magnetic anomaly pattern thus 
records the history of transitions o1 the geo- 
magnetic fieJd. An analogy can be drawn-tfetween 
the sea floo^ahd a magnetic taptf" recorder. 
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-Hot ductile material 
moving upward from 
deep m the mantle 
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(lire D. Cross-section of ridge. 




Figure E/M^agnetlc'ahomaly pattern. 



This explanation for the pattern of magnetic stripes* 

on the sea^floor in terms of Spreading and 

changes in the earth's magnetic polarity is quite 

important in the history of the earth sciences. 

In confirming the sea-floor spreading concept, It 

has'opened up and made respectable a new 

chain of logic (termed "plate tectonics") that 

provides answers to many questions about the 

origin and nature of earthquakes, volcanoes, 

mountain ranges, and even the continents 

and oceans themselves.* 
* 

SUGGESTED APPROACH mmmmsm^tm^ 

• 

Basically, these activities should be carried out£y 
the students'as independent inquiry. Size of 
the groups should be dependent on available 
equipment and your strategy. The groups can^work 
through the various steps of the activities as 
a class, or each group may proceed at Its own pace. 
These matters are left here to your own preference 
and style. Open-ended activities (EXTENSIONS) 
are mailable for those students who proceed ^ 
at a faster pace, or wish to go into greater depth. 

These activities are grouped into approximations 
of three 45-minute class periods. Ydur ^ 
schedule may require extending some parts orr 
regrouping others. 



PROCEDURE 

PART A Which w&y is north'? 

in this activjjy the students learn to use a compass 

and to determine the orientation of bar 

magnets concealed in boxes. 

Key words: palQomagnetlsm, paleomagnetic field, 

polarity reversal, normal (polarity), reversed 

(polarity) , * 

Time required: one 45-mlnute period , # 

Materials, bar magnets, cOmpassQs.and boxes 

1. Can you figure out which way is north 9 

What part of your classroom is on the ndrth side 9 
ByHooklng out of the windows, doqrway^o hall, 
etc. have the students orient tlfemselves and 
find out which way is north and what part of the- 
room ia the most northerly,, A local road map 
or topographic map may be helpful here. 

2. Examine your corppass.t'What cjjbrs are at each 
end of the compass needle 9 Bf* % * 
Here, the student should recognl^jfcat each end 
of the compass needle Is a different color. 

3. Which end of the needle points to the north 9 
(color). 



In fjiis step, the compass needle will point to 
the north part, of the room, thus establishing north 
on the compass. The reason for this action, 
though, is to find out which end of each compass 
needle points north. On Inexpensive compasses, 
with poinUrs usually one-half blue and one-half- 
silver, some blues and somp silvers will point 
north. They ate not all magnetized uniformly, so* 
the color of north has to be determine for 
each compass and recorded by the students. Once 
this is established, have each student use the 
same compass throughout the activity. As It 
becomes necessary to stop and start at another 
time in the course of this activity, the students 
can easily find out again which end of the 
nefcdle points to the north by checking which end 
points to the north part of the classroom. 

Note that in the next paragraph of step 3 there Is a 
comment addressed .to the student, concerning 
the fact that the bar magnet has been set up to 
work MKe the earth's magnetic field. If a student ' 
&ks why like poles (the N'on the compass and 
the N on th? bar magnet) attract, explain that this 
Was done only for the sakfe of the demonstration 
value of these activities. The purpose of this 
will become clearer when the student works with 
the borffes. " ' 
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The bar magnets have been labeled so that the 
north-seeking end of the compass will point 
to the north end of the magnet. In that way, the 
bar magnets ire like ttje earth's magnetic field. m 

Put your magnet on this page as shown with 
north at the top and south at Jhe bottom. 

4. Which end of the compas^points to the north 

end of the magnet? (color) 

Here the students merely establish that the same 
end (or color>*of their cbmpass needle that 
points to the north part of the room points to the 
north pole of the bar magnet. 

5. Which end of,the compass points*Jo the south 

end of the magnet? ^ (color) t 

The same applies to the south endNf you wish, you 
may have the students take turns with their 

team members in hiding the magnet under a 
piece of p,aper and finding which end Is which; or' 
, find the north and south ends of a bar magnet 
-that you hold with a hand over each end. 

6. Look at the pile of five boxes that has been put 
out for you to work with Imagine that each 

box is a layer'of fgneous rock, like an old lava flow. 
This rock cooled and hardened on the surface 
qf the earth ajpng time ago The age of some of the 
layers is known and is given to you tn the 
tfac^ram here' The magnetic field of each layer 
has stayed the same as the earths at the time the 
rock cooled The magnetic field in this rock is 
called the paleomagnetic field. You can locate the 
direction of the north magnetic pole at the time 
the rock fojmed by testing these layers of , 
rock with your compass j 

Using the compass, find the north and south 
magnetic pole directions in each layer Label the 
diagram here to show these directions 



Place a set of five boxes (as described in the 
MATERIALS section) op a table for each group of 
Students. The students will find that in the pile 
of boxes, representing a sequence of layered 
rocks, the north and south magnetic pole 
orientations in the rooks have changed places 
(I.e., reversed) In Uie'past. 

Discuss with the others jp your. group what you 
discovered about the north and south magnetic 
directions in these boxes. What you have 
found is what geologists have fou^nd in layered 
rocks at many places around the world. Now 
answer these questions. " 

7. These boxes represent old lava flows that piled 
up on the surface of the earth and cooled to 
form layers of hard rock. f ** 
Which is the oldest layer'? bottom: rto. 5 . 
Which is the younge^f layer?' top: no. 1 
Obviously, as a sequence of layered rocks 
accumulates on the surface of the earth, the layer 
at the bottom is the oldest and the layer at the 
top is the youngest. This is known as the principle 
of superposition. * t 

8. What did you find out about the ojorth and 
south magnetic pole direction in each layer 7 

Layer 1 N is toward the magnetic north end of your room. 

Layer 2 S Is toward the magnetic north end of your room. 

Layer 3 N Is toward the magnetic north end of your room. 

Layer 4 S is toward the magnetic north end of your room. ^ 

Layer 5 N is toward the magnetic north end of your room. 

The students will find that you have placed the bar 
magnets in alternating orientations. 

You have just found that the magnetic field 

tn some layers is reversed This is called polarity 

reversal. 



N 



\ 



ERIC 



T5 



o 
c 

O) 
CO 

2 



Top 



1000 years old 



10 million 
years old 



\ 



Bottom 



5 ' » 
\1 



o 

"O 



3 ' • 

O 

c 



c 



9. What do you Jthink caused these reversals? 
There are three ways of explaining-such a series of 
magnetic reversals. While these, layers of rock 
were accumulating and preserving the magnetic 
field record of their time: (1) trie north and south 
magnetic poles changed places (reversed) With 
each other each time* layer of rock was deposited; 
(2) the landmass or continent these rocks 
were on turned comfclejely around (rotated 
180 degrees) in between the deposition of each 
layer of rocks; (3)1he magnetic field In the cpck 



could have reversed by Itself. All of these hypoth- 
eses could be used to explain the observations, 
but the reversals of \hte poles seems to be the one 
most accepted by scientists. „ 

When the north magneticrpole is i'ooated near 
the north^geographic pole and the south magnetic 
pole is located near the souxh geographic* 
pole, we call the 4 earth's magnetic field normal. 
When the two r magnetic poles exchange places, 
the earth's magnetic field is reversed; • 

Have the students find the terms polarity 
reversal, normal and reverse polarity, in the text- 
book or reference your clarss lousing. * , 



PROCEDURE 

PART B. How does paleomagnetism help explain 

how the sea floor is formed 9 ^ 

In this activity the students observe and mtrp^^ , 

pattern of alternate polarity reversals. ^ 

Key word: sea-floor spreading f 

Tlrqe required: one 45-mlnute period 

Materials compasses and boxes 

Start this activity by distributing compasses and 
having the students find which end of the 
needle points to the north end of the room. NoW, 
place, two stacks of boxes (stacked exactly as 
you had them in the first activity) side by side. It 
would be ideal to start with these on the floor, 
between the ends of two tables or desks that face 
each othpr across an aisle or narrow N space. 
Then each time you bring up a palr~of boxes, the 
students jget the visual effect of the mantle 
rising up at a ridge to form more of the earth's 
crust. If this carfhot be done, just set the two 
sefts of boxes aside and use the top of a table and 
proceed as fpllows. , 



You have found that north and south magnetic 
pole directions are preserved vvhen rock is formed. 
What w»jld the patterns of polarity reversals 
look like preserved in the rocks forming along a 
mid-ocean ridge 9 ) 

Most scientists believe that mid-ocean ridges are 
^places where sea-floor spreading is taking 
place In this process, molten rock r\sei along the 
ridge a^ ftie two sides of the ridge move apart 
(Figure >) Then, new ocean floor is created by the* 
cooling and hardening of this molten rock 
material , 
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In this activity, the boxes in the starting position 
represent rocks forming in the midjdle of a 
mid-ocean ridge. As the rocks move outward 
(sideways), new rock is added to the ocean floor 
♦along the ridge. 

1, Find which end of your compass needle points 
to the north end of your room. Using the 
compass, fjnd the north and south magnetic pole 
direction in each box and label the diagram to 
show these directions. 



Put out the two top boxes (labeled #1) from the 
stack, as shown below, with their numbered ends 
, toward the north part of the room. The^ 
students will find that the north magnetic 
pole within the box is towards the north end of thq^ 
room; fhus it is normal. ' . . 



\ 





2. Do the same thing each tjmd your teacher adds „ m 

another set of boxes 

The arrows show which way the boxes are being / 
moved, 

A. -Move the two #1 boxes apart, and insert the pair of #2 boxes in the middle position as shown. 
These, of course, will have reversed polarity. 




/ 
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B. Continue as before; moving the boxes out and putting the next pair In the middle. 





* 

You can, If youwlsh, ask the students io predict what they tflll find If you put the #5 
the sequence; then dp* it and let (Viem cfheck their predictions:"""' - 



boxes into 



3. Using your observations' of polarity direction 
shown in these boxes, draw a map of the polarity 
dkections preserved in the ocean floor on 
both sides of a mid-ocean ridge. A map is what you 
would see \f you were looking down at the earth. . 
r f he map should ipok something like this: 



•A 



Ridge 



North end of your room 



\ i 



4, Explain what would happen if thfe ocean fldor 
spread.constar\tly from abridge whil§ thp 
earth's magnetic field kepi reversing - 



If this happened, we woukkeventually observe a 
series of alternating reveWRs on each side 
of the ridge and the patterns seqi*tfce on^ope 
side would match that on the other side. (Be sure 
\fi stress th|s last point.) The text which you \ 
are using possibly has an illustration showlqg'this. 
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P R QC E D U R E ^- ^ * a*** 

, PART C. What can be learned fr©m Observations 
of polarity directions in the sea' floor? \ % 
Here the students plot feal paleomagnetic data 
ahd find the direction and rate of ocean-fioor 
spreading. f * 

Keywords: rrtagnetbtpeter, normal, reverse 

* Time required: one 45-minute period 4 4 

Materials, ruler < » 

In this activity, you are going to act as marine 
geologists on a cruise You will collect magnetic 
data as you saH in a zig-zag pattern across the 
Mid-Atlantic Ridge just southwest of Iceland 
Table 1 shows the data which were collected 
The data used here were collected during a!** 
magnetic study of that area The scientists 
used an instrument called a magnetometer, carried 
aboard a U S. Navy plane. The magnetometer 
does not have a compass needle that really 
reverses. It measures the strength of the magnetic . 
field. When the magnetometer is above 
reversely magnetized* rock, it will show the field 
„ to be weaker than when it is over formally 
magnetized roGk 

1. On the Worksheet, mark an X or an O at the 
location of each station on Table 1. Note that 
the X indicates reversed magnetjsm and 0 
indicates normal magnetism. Where each age is 
given, write next to the symbof either the number 
10 (for 10 million years) or the letter P (for 
Present). Note the example of station 2 already 
plotted on the map. 

Each student shouid do his or her own plotting on 
the map. * 

2. After you have marked ali of the normal and 
reversed symbols and, the ages that are given 
for some locations, draw one straight line with 
yoiy^ruler that will connect all 4he stations where 
the rocks are of Present age (P). This will 
separate th$ groups of 10 million-year-old rocks, 
Draw one straight line through each group of 

4 10 million-year-old rocks (10).* 



a: Where do you think the Mid-Atlantic Ridge is 
located on your map?, What is your reasoh? 
The most reasonable assumption is that ttoe 
mid-ocean ridge is where* the strlp of Present ; 
normal magnetic orientation is located because 
that js where new rock, squeezed up to form • 
the ridge, -Is how being magnetized In today's 
magnetic field. 

b. What pattern do you see on your map 9 
There is a pattern of stripes, 
c How can you explain thiS pattern 9 
The striped pattern is the result of neW rock being 
formed as the magnetic field J^er^es periodically. 
Thus,' you will find alternate zones of normal 
and reversed poiarity with the same pattern 
on each side of the ridge. 



Table 1. 
Magnetic stud^data.* 





North 


West 




■ Magnetic 




Age 




Lati- 


Longi- 




Field 




(million 


Station 


tude 


tude 




Qfantation 


Symbol years) 


1 


58 0° 


28 0° 




Reversed 


X 






58 0° 


29 0° 




Normal 


O 


10 m y 


3 


58 5° 


29 5° 




'Reversed. 


' X 




4 


58 5° ' 


31 0° 




Normal 


0 


Present 


5 


59 0° 


31 5° 




Reversed 


* X 




6 


60 0° 


32 0° 




'Normal 


0 


10 m y 


7 


61 0° 


33,0° 




Reversed 


X 




e ' 


60 5° 


31 0° 




Normal 


0 


10 m y 




60 0° 


30 0° 




Reversed 


X 




10 


60 0° 


29 0° 




Normal 


0 


Present 


1 11 


59 5° 


28 5° 




Reversed * 


X 




12 


59 0° 


27 5° 




Normal 


0 


10 m y 


13 


58 5° 


26 0° 


• 


Reversed 


X 




14 


59 0° 


25.0° 




Reversed 


X 






60 0° 


24 0* 




Reversed 


X 




16 


61.0° 


24 5° 




Normal 


0 


10 m y 


17 


61 0° 


25 5° 




Reversed 






18 

19* ] 


61 5° 


26 0° 




Reversed 


X 




61 5° 


26 5° 




Normal- 
Reversed 


0 


Present 


20 


62 0° 


27 5° 




X 




21 


62 0° 


28,5° 




Reversed 


X 




22 


62 0°- 


29 0° 




Normal 


0 


10 m y 


23 


62 5° 


30 5° 




Reversed 


X 
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3. Draw arrows on your map to show in what 
direction the ocean floor on each side oMhe ridge 

• is moving. How do you know this? ✓ 
The left-hand side of the sea floor is moving to the 
northwest because the ocean floor is youngest 
near the ridge and gets older as you go out 
on each side of the ridgV The right-hand side is 
moving southeast..' 

4. Jf a car travels 100 kilometers m'two hours, 
how fast is rt going (kilometers) per hour?' 

How can you fincf out rfbw fast the ocean floor is 
moving on each side of the ridge 9 
The way to approach this problem is similar to 
finding the speed (rate) at which a car travels. If 
a car travels 100 km in two hours, we divide 
the distance by the time (100/2), and find that it 
was going 50 km per hour. By measuring the 
distance which the ocean floor moved away from 
tH^ ridge in*a known period of time, we can 
calculate the rate of movement in a similar fashion. 



/ 



" 5. Find the rate (in centimeters per year) at which 
the ocean floor is moving in the area of Iceland. 
(Remember that 1 km equals 1000,m, and 1 m 
equals 100 cm. Therefore, to convey kilometers to 
centimeters, you must add 5 zeros to the 
number of kilometers.) * 
From the diagram which they have made, the 
students can see that it took 10 million years foV 
each of the two outer normal stripes or zones 
to get where they are from the ridge. Using 
fhe?scale at the bottom of the page (they can cut 
out the scale and use it like a ruler), they 
should measure the distance from the line of (he 
present rone to the'line of the 10-million-year 
zone. Have them do this first on otie side of the 

* ridge and then on the other side. If they get a 
different distance on each side due to the vagaries 
of how they drew their diagram, encourage 
them to average the two distances and use that 
figure. Actually, there will probably be a f&riety 
of distances found by the students, ranging 
from about 125 km to about 150 km. This is 
tolerable and depends entirely on the accuracy of 
their plotting of the data and the drawing of their 
lines. This might be a good time,to hold a class 
discussion on reasonable limits of accuracy. 

In working out this calculation we will use 150 km, 
as the distance, but we will provide rough 
approximations for the other possible distances 
that the students may have used. There'are 1000 m 
in a kilometer, so 150 km is equal to 150,000 m. 
Similarly, there are 100 cm in a meter, so 
130,000 m equals 15 million cm. It's just a matter 
of adctlng the zeros. If you divide 15,000,000 
(the distance in centimeters) by 10,000,000 (the 
time in years), you get 1.5 (simply move the 
decimal point an equal number of times). There- 
fore, the rate of movement is 1.5 cm per year. Fpr 
'the other possible distances the rates are: 
125 km— 1.25 cm per year 
"$30 km— 1.3 cm per year 
140 km— 1.4 cm p^*£ar' 

Within the limits of accuracy of this -activity, these 
are all acceptable rates, for they are close to 
the correct magnitude for this area as determined 
by* oceanographers. 

Point out that 1.5 cm is about the width of their 
thumbs "(they can cjieck thisr with a ruler), or 
Jhe amount their fingernails grow in one year. 
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6. If the sea floor spreads at a constant rate, * t 
what is the age of the sea floor at station 14? 

The age is about 2? m.y. Point 14 is about twice as 
far as the 10 m.y. lifte. ' 

7. x Now that you kri6w the rate at which the ocean 

floor is 'moving, use t^s;ligure to find out how • % 

fast the ocean floor f \s shading apart on the two 

sides of the ridge. • ' 

If the sea floor on each side of the ridge has been 
moving away from the ritigf at a rate of 1.5 cm 
per year (rate of motion); then the spreading 
rate, or rat^ at whfch the two sides have 

been moving apart from one-another, will be * 

exactly twice that rate of motion, or 3.0 cm per 

year. Spreading rates for other motlo^n rates which 

the students may have come up with are: * 

Motion Rate ^Spreading Rate 

r 

1.25 cm/y? 2.5 cm/yr , . - 

1.3 cm/yr ' ' , a 2.6 cm/yr 

1.4 cm/yr u , * 2.8 cm/yr 

if the students-each put their thumbs together, 
sid£,by side, they' can see how much the sea floor 

spreads apart in one /ear. ' 



SUMMARY QUESTIONS s^^^ 

i • * 

The first two questions are*relatively easy; the 

third is considered more difficult. 

1. You have looked at just a small portion of the 
approximately 64,000 kn^of mid-ocean ridges. 
Do you thmk that wft^t you found southwest 

of Iceland might be found alongside the fest of 
the ridges? . k .s, . ^ 

By Inference, whatWsiQUnd on both sides of the 
mid-ocean ridge scHJt£ QMceland should be 
found alongside all the ridges because all the 
ridges and ocean floor are forming In the same 
way, * # 

2. How far out from \he ridge area that you 
studied would you expect to find the magnetic 
reversal patterns 9 

Since the ocean floor forms at the ridges and 
spreads out on both sides, the reversal pattern 
shptild be found all the way out to the* 
continents on botht$ldes of the oceans (actually, to 
the bottom of ^continental slopes). 




3. As you go away from a mid-ocean ridge, how 
do you think the age of the bottom sedinrient on the 
ocean floor changes 9 

If the ocean floor Is formed at the ridge and 
spreads out, then the sediment that accumulates 
(from the water) near the ridge would be carried 
outward as the ocean floor spreads. Therefore, 
sediment deposited later on the newer ocean/ 
floor bottom, near the ridge, would be younger. In 
fact, it has been found that the bottom sediment 
on the ocean floor is progressively older in a 
direction away from the ridges. 
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EVALUATION ^^^^^^^m^^m^m _ 

in addition to a wrjtten (formaty evaluation yoj/ * 
can observe the students participation and 
performance as a means. faf Jnformal evaluation. ^ 
Alternatively,' you may wish tp give each student 
a map of Ian ocean with ttie mid-ocean ridge 
shown, antf task them To draw In the magnetic 
reversal pattern, show which way the ocean floor 
*is*moving, and iabel the'olderan'd younger 
parts Si the ocean floqr. 



EXTENSIONS ^^^T^^^s^^m^^^^^m-^^^M^^ 



1. You found asp/eading rate for the ocean floor 
just southwest of Iceland. Now measure the 
^distance in kilometers from Labrador to Great 
Britain on a map. Can you figure out how iQng.ago 
North Amaridt and Europe^separated? Compare 
the number of yeSrs that you get With a 
geologic time scale'to see in what geologic period 
your answer would fall 

This is just a matter of .working the spreading rate 
problem in reverse. Your students probably 
artfved at a spreading rate of 2.5 to 3.0 cm per 
year in the Idst part of question number 6 in 
PART C. Let them use whatever figure (Ip that 
range) that they got then in this activity.* From 
globes or atlases in your classroom, your 
students wilj find that it is approximately 3,060 km 
from Labrador to Great Brjtain (multiply miies^ 
by 1.61 to get kilometers). They may get any 
number from this up to 3,260 or so. Within the 
realm of accuracy for this activity, these values 
are acceptable*. 

The problem now resolves into dividlng the 
distance in centimeters by the rate-of movement, 
yslng 3,060 km and 3.0 cm per year, we get: 

306,000,000 cm ' 

— — — — = 102,000,000 yrs 
3.0 cm/yr 

A rough" approximation of the answers your class 
will get is as follows:* 



cm/yr 

2.5 
2.6 
2.8 
3.0 



3,060 km 

122 m^y. 
118 rti.y. 
109 m.y. 
102 m.y. 



3,26Q km 

130 m.y. 
125 m.y. 
116 m.y. 
109 m.y. 



When you compare the range of years found here 
with a geologic time table, you will discover 
that the time faHs withlnthe Cretaceous Period, 
which was 65 to 135 million years ago. It was 
actually during the Cretaceous that the land- 
masses now known as North America and 
Europe began to break Ipart. If your students end 
up with an approximation of a Middle Cretaceous 
- date (102-130 m.y.), they have do # ne very well. 
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2. Sea-floor spreading occurs throughout all of the 
ocean basins of the world. What does-this f 
suggest has been happening to the s*fee of the 
earth as'time has gone on 9 Does your conclusion 
seem reasonable to you 9 

Since sea-floor spreading apparently has taken 
place, can you invent any possible explanations 
which would result in the earth staying the same 
size even though sea-floor spreading is taking 
place 9 Make a list of these other possibilities. See 
if you and your clas£matea can agree^on what is 
most likely the correct (or nost reasonable) 
solution to this problem. 

our .students may suggest that the earth is 
.expanding. As the eartlf expands, it may push new 
crust out of the mid-ocean ridge. 

One explanation is that while pew material is 
being added to the earth's^ surface, other rqaterlal 
is being destroyed somehow. Anbtherexplanatlon 
for the size of the earth may be that the entire 
earth expands and then contracts. Both of 
\hese have been suggested by scientists and are 
valid theories. You may want to discuss this 
further with your students when using other 
modules. 
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NAGT Crustal Evolution 
Education Project Modules 

CEEP Modules are listed here in alphabetical 
order Each Module is designed for use in 
the number of class periods indicated, For 
suggested sequences of CEEP Modules to 
cover specific topics and for correlation 
of CEEP Modules to standard earth science 
textbooks, coosult Ward's descriptive 
literature on CEEP The Catalog Numbers 
shown here refef to the CLASS PACK 
of each Module consisting of a Teacher's 
G.uide and 30 copies of the Student 
Investigation See Ward's descriptive 1 * 
literature for alternate ord^r quantities 
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CEEP Module 
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• A Sea-floor' Mystery: Mapping 
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34 
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Polarity Reversals 










• Continents And Ocean Basins: 


3-5 


34 
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1202 


• Floaters And Sinkers * 










• Crustal Movement: A Major Force 


2-3 


34 


W 
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In Evolution 










• Deep Sea Trenches And Radioactive 


1 


34 
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Waste 










• Drifting Continents And Magnetic 


3 


34 
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, Fields " 










• Drifting Continents And Wandering 
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34 
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Poles 










• Earthquakes And Plate < 
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34 
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Continents 










• Hot Spots In The Earth s Crust 
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34 
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1209 
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34 
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• How Do Scientists Decide Which Is 


2 


'34 


w 
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• How Does Heat Flow Vary In The 


2 • 


34 
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Ocean Floor? 










• How Fast Is The Ocean Floor 


2-3 


34 


w 


1213 


Moving? 










• Iceland: The Case Of The Splitting 
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34 


w 
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• imaginary Continents: A Geological 


2 


34 


w 


1215 


Puzzle 
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1-2 


34 
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1216 ' 
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• Lithospheric Plates And Ocean 


2 


34 


w 


1217 ' 


Basin Topography 




* 
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2-3 


34 


w 


1218 
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2 


34 


w 


1219 
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• Microfossils, Sedimepjs And 


4 


34 


w 
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• Movement Of The Pacific Ocean 


2 


34 


w 


1221 


Floor 










• Plate Boundaries And Earthquake 
Predictions 


2 


34 


w 


1221 

V* 


• Plotting The Shape Of The Ocean 


2-3 


34 


w 


1223 • 


Floor 










• Quake Estate (board game) 


3 


34 


w 


1224 


• Spreading Sea Floors And Fractured 


2 


. 34 


w 


1225 


Ridges. 










• The Rise And Fall Of The Bering 


2 


34 


w 


1227 


Land Bridge - f 










• Tropics In Antarctica? 


2 


34 


w 


1228 


• Volcanoes: Where An'd Why? 


2 


34 


w 


1229 


• What Happens When Continents 


2 


34 


w 


1230 


Collide? 










• When A Piece Of A Continent 


2 


34 


w 


1231 


Breaks Off 










• Which Way Is North? 


3 


34 


w 


1232 


• Why Does Sea Level Change? 


2-3 


34 


w 


1233 
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PROJECJ 



NAME 



DATE 



Student Investigation - [' 

Catalog No 34W1132 * \ r > * 



Which Wayls North? 



INTRODUCTION * 

You would expect a magnetic compass needle to 
point toward the north and south magnetic 
poles Since continents can drtJt or move around, 
can you depend on the two pojes to stay in 
the same places 9 . 



Over long periods of time, the earth's magnetic 
field changes directions We know that rocks 
record the earth's magnetic field at the time at 
which they are formed This is (piled paleo- 
magnetism. With this knowledge, measurements 
made at sea alfow us to fin3 out a great deal 
about the past movements of the earths crust In 
theseactivities, you will be doing the same 
thihg that scientists have done in working out the 
hist'ory of crustal changes 



OBJECTIVES ~ 

Aftef you have completed these activities, you 
should be able to" 

1. Use a compass to determine the direction of a 
magnetic field. ^ s ^' 

2. Use data on magnetic field direction and age 
of rocks in the sea floor to find direction and ' 
rates of sea-floor spreading. 

3. Explain how paleomagnetic data are used in 
studying the history of the earth. 

4. Locate the older and younger parts of the sea 
floor with respect to mid-ocean ridges, 
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PROCEDURE v 

PART A Which .way is north 9 ^ 

Materials, "bar magnets, compasses, and boxes 

.1. Can'you figure out which way is north 9 

What part of your classroom is on the north side? 

* *- 

2. Examine your compass What colors are at each 
end of the compass needle? 

3. Which end of the needle points to the north 9 
(color) 

The bar magnets have been labeled so that the 
north-seeking end of the compass will point , 
to the north end of the magnet In that way, the 
bar magnets are like the earth's magnetic field 

Put your magnet on this page as shown with 
north at the top and south at the bottom 

4. Which end of the compass poinis to the north 
, end of the magnet 9 (color), $ 

5. Which end of the compass poirrts to the south 
end of the magnet 9 , (color) 



6. Look at the pile of five boxes that has been put 
out for you to work with Imagine that each 

box is a layer of igneous rock, like an old lava flow. 
This rock cooled and hardened on the surface 
of the earth a long time ago. The age of some of the 
layers is known and is given to you in the 
diagram here. The magnetic field of each layer 
has stayed the same as the earths at the time the 
rock cooled. The magnetic field in this rofck is 
called the paieomagnetic field. You can locate the 
direction of the north magnetic pole at th£ time 
the rock formed by testing these layers of* 
rock with your compass 

Using the compass, find the north and south 
magnetic pole directions in eash layer Label the 
diagram here to show these directions 

Discuss with the others in your group what you 
discovered about the north and south magnetic 
directions in these boxes What you have 
found is what geologists have fqund in layered 
rocks at many places around the world Now 
answer these questions f \ 

7. These boxes represent old lava flows that piled 
up on the surface of the earth and cooled to 
form layers of hard ropk / 

Which is the oldest layer 9 L_ _= 

Which is the youngest layer 9 _____ 



Top 



N 



3 

o 
>, 

o 

"D 
C 



c 
5 



1000 years old 



10 million 
years old 



o 

"D 
C 

<D 

_c 

o 
c 



4 S 

0) 

c 
5 



Bottom 
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8. What did you find out about the north and south m You have just found that the magnetic field 
magnetic pole direction in each layer'? in some layers is reversed This is called polarity 

* reversal. 

9. What do you think caused these reversals, 9 * 



Layer 1 



Layer 2 



Layer 3 



Layer 4 



Layer 5 



When the north magnetic pole is located rjear 
the north geographic pole and the south magnetic 
pole t$ located near the south geographic 
pole, we call the earth's magnetic field normal. 
When the two magnetic poles exchange places, 
the garth's rflagnetic field isreversed. 



•PROCEDURE 

PARJ B How does paleomagnetism help explain 
how-lhe sea floor is formed 9 
.^Materials, compasses and boxes 

You have founctthat magnetic north and south 
pofe directions are preserved yvhen rock is formed. 
What would the patterns of polarity reversals 
look' like preserved in the rocks forming along a 
mid-ocean ridge 9 



\ 

Continental crust — > 




Oceanic crust 



Upper mantle • 



-(hthosphere) 



Mantle fasthenosphere) 
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Most scientists believe that»mid-ocean ridges are 
places where sea-floor spreading is taking 
place In this process, molten rock rises along the 
ridge as the two sides of the ridge move apart 
(Figure 1) Then, new ocean floor is created by the 
cooling and hardening of this molten rock 
material 




O O Figure 1 Sea-floor spreading. New ocean floor is 
*~ created as t^e two sides of the ridge move apart. 



In this activity, the boxes in the starting position 
represent jocks forming in the middle of a 
mid-ocean ridge As the rocks move outward 
(sideways), new rock is added to the ocean floor 
along the ridge 

1, Find'Which end of your compass needle points 
to theViorth end of your room. Using the - 
compass, find the north and south magnetic pole 
direction in each box and label the diagram to 
show these directions. i 




2. Do the same thinrg each time your teacher adds 
another set of boxes. 

The arrows show which way the boxes are being 
moved 




\ 



FRir 




3. Usmg your observations of polarit/direction 
shown in these boxes, draw a map of the polarity 
directions preserved in the ocean floor on 
both sides of a mid-ocean ridge. A map is what you 
would see if you were looking down at the earth. 
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4. Explain what would happen if the ocean floor 
spread cortitantly from a ridge while the 
earth's magnetic fieJG kept reversing ^ 



PROQEDURE^ r • ~s 

• Wh^ttlta be learned ffom observations 
of polarity di&Gtions'm the sea floor? 
Materials, rgl^r 

In this activity, you ace going to act as marine 
geologists"on a cruis^&au will collect magnetic 
data as you sail in a zig-zag pattern across the 
Mid-Atlantic Ridge just southwest of Iceland. 
Table 1 shows the data which were collected. 
The data used here were collected during a 
^magnetic study of that ai%a. The scientists 
used an instrument called a magnetometer, carried 
aboard aU ff. Navy plane 'The magnetometer 
does not have a compass needle that really 
reverses if measures the strength of the magnetic 
field When the magnetometer is above' 
r^versfcty magnetized rock, it will show.the field 
to fc?e weaker than when it is over normally ■ 
magnetized rock. - 

1. On the Worksheet, mark an X or an O at the 
location of each station on Table 1 Note that 
the X indicates reversed rpagnetism and O 
indicates normal magnetism Where each age is 
given, write next to the symbol either the number 
10 (for 10 million years) or the letter r?(fpr f 
Present) Note the example of station 2 already 
plotted on the map 

2. After you have marked all of the normal and 
reversed symbols and the ages that are given 
for sqme>focations, drawone straight line with 
your ruler that will connect all the stations where 
the rocks are of Present age (P). This will 
separate the. groups of 10 million-year-old rocks. 
Draw one straight line through each group of ' 

-10 million-year-old rocks (10)! 
a. -Where do you think the Mid-Atlantic Ridge is 
located on your map?* What is your reason? % 



• Table 1. 
Magnetic study data. 





North 


West 






Age 




Lath t 


Longi- 


Field 




4 million 


Station 


tude 


tude 


4 Orientation 


Symbol years) 


V 


58 0° 


28 0 6 


Reversed 


X 




2 


58 0° 


29 0° 


Normal 


O 


10 m y 


3 


58 5° 


29 5° 


Reversed 


X * 




4 


58 5° 


31 0° 


formal 


O 


Present * 


5 


59.0° 


31 5° 


Reversed 


X 




6 


60 0° 


32 0° . 


Normal 


o : 


10 m y 


7 


61 0 q 


33 0° 


Reversed 


X 


j 


'8 


^60 V 


31 0° 


Normal 


0 


10 m.y* 


9 


60 0° 


30 0° 


Reversed 


X 




10 


60 0° 


29 0° 


Normal 


0 


Present 


1 1 


59 5° 


28 5° 


Reversed 


X 




12 


59 0* 


27 5° 


Normal 


0 


10 vq y 


13 


58 5° 


26 0° 


Reversed 


x, 




14 


59 0° 


^5 0° 


Reversed 


X * 




15 


60 0° 


24 0° 


Reversed 


X 


10 rn^y 


16 


61 0° 


24 5° 


Normal 


0 


17 


61 0° 


25 5° 


Reversed 


X 




18 


61 5° 


26 0° 


Reversed 


X 




12 


61 5° 


26 5° 


Normal 


0 


Present 


20 


62 0° 


27 5° 


Reversed 


X 




21 


62 0° 


28 5 q 


Reversed 


' X 




22 


•62 0° 


29 0° . 


Normal 


6 


10 m,y 


23 


62 5° 


30 5° 


Reversed 


X 





b What pattern do you see on your map? 
c How can you explain this pattern? 
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3. Draw arrows on your map to show in what 
direction^he ocean floor on each side of the ridge 
is moving. How do you know this? 

* * i 


'5. Find the* rate (in centimeters per year) at which,, 
the ocean floor is moving in the a^rea of Iceland. 
(Remember that 1 km equal^ 1000 m, and 1 m 
equals 100 cm. Therefore, to convert kilometers to 
centimeters, you must add 5 zeros to the 
number of kilometers.) \ 


• 
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4. If a car travels 100 kilometers in two hours, 
how fastis it going (kilometers) per hour? » 
How can you find, out how fast the ocean floor is 
moving, on each side of the ridge? K 


^ If the sea floor spreads at a constan^ate, 

what is the age'of the sea floor at station 14? < 










. ■ < ^> 


m 

> 


• 
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v» » 

* 

i 


* * 
7. Now that you know the rate at which the ocean 
floor is moving, use this figure to find out how 
fast the ocean floor is spreading apart on the two 
sides of the ridge. 

-> 
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SUMMARY QUESTIONS -^^^^^^^^^M^^^^mM&m^^^^^^^^^m^^,^, 

1. You have looked at just a small portion of the 

approximately 64,000 km of mid-ocean ridges. 

Do you think tbat what you found southwest 

of Iceland might be found alongside the rest of * • 

the ridges? 



2. How far out from the ridge area that you 
studied would you expect to find the magnetic 
reversal patterns? 



3. As you go away from a mid-ocean ridge, how 
do you think the age of the bottom, sediment on the 
ocean floor changes? 



or 



f 3 - 



EXTENSIONS 

OMshj found a spreading rate for the ocean floor 
just southwest of Iceland. Now measure the 
distance in kilometers frpm Labrador }o Great 
Britain on a map. Can you figure out how Jong ago 
North America and Europe separated? Compare 
the number* of* years that you get with a 
geologic time scale to see in what geologic period 
yotir answer yvould fall. 1 



. V 



2. Sea-floor spreading occurs throughout all of the 
ocean basins of the world. What does this 
suggest has been happening to, the size of the 
earth as time has gone on? Does your conclusion 
seem reasonable to you? 

Sifice sea-floor spreading apparently has taken 
place, can you inyent Sny possible explanations 
which would result in the eartrt staying the same 
size even though sea-floor spreading is t3king 
place? Make a list of these other possibilities. See 
if you and your classmates can egree on what is 
most likely the correct (or most reasonable) 
solution to this problem. 



/ 
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